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1. Palmetto Pines Golf Course  

Project Location and Description 

The project is located at Palmetto Pines Golf Course which is an unregulated facility, meaning the golf 
ŎƻǳǊǎŜ ƛǎƴΩǘ ŎǳǊǊŜƴǘƭȅ ǊŜǉǳƛǊŜŘ ōȅ {ƻǳǘƘǿŜǎǘ CƭƻǊƛŘŀ ²ŀǘŜǊ aŀƴŀƎŜƳŜnt District (SFWMD) to treat its 
runoff.  Therefore, the concept for the golf course is to provide three options for consideration. Each can 
be constructed individually or combined in different configurations.  The first and least expensive option 
is to increase the storage capacity of the existing pond system.  Option two includes revising operations 
by pulling water via pump from the canal on the west side of the golf course.  Option three includes the 
construction of 1 to 3 bioswales to treat runoff and improve flooding in the golf course.  Figure A.1-1 
shows the project location and the following sections describe each option in more detail. 

 

Figure A.1-1. Location of Palmetto Pines Golf Course 

 

Existing Operations 

Palmetto Pines Golf Course currently maintains six interconnected freshwater ponds that are usually 
kept at a control elevation of six feet by pumping water from the City Makai Canal (at the corner of SW 
18th Terrace and SW 11th Ave).  The golf course has a permit from the South Florida Water Management 
District to draw 119 million gallons per year or 16.0511 million gallons in any one month.  The control 
depth of six feet currently provides about 10 days of water supply for irrigation before the canal is 
ǘŀǇǇŜŘ ŀƎŀƛƴΦ  ²ŀǘŜǊ ǉǳŀƭƛǘȅ ƛƳǇǊƻǾŜǎ ŘǳŜ ǘƻ ǘƘŜ ǎŜǘǘƭƛƴƎ ǘƛƳŜ ƛƴ ǘƘŜǎŜ ǇƻƴŘǎΣ ŀƴŘ ŀ άDǊƛŘōŜŜέ 
submersible circulation unit, installed in the irrigation pump pond, adds additional treatment by 
destroying surface algae.  The existing pond configuration and flow paths are shown in Figure A.1-2. 
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Figure A.1-2. Palmetto Pines Golf Course Ponds and Flow Paths  
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Option #1 - Proposed Pond Retrofits 

The configuration of the existing pond system appears to have sufficient capacity to increase the control 
depth from 6 feet to 7 feet.  In addition, the southeast pond appears to have sufficient capacity to 
increase the control depth to 8 feet.  Grading to increase the storage capacity within the ponds should 
not be required based on the existing pond contours and site reconnaissance.  The increase in pond 
elevation would result in a greater amount of storage for the golf course while also providing treatment 
for a larger volume of canal water.  Costs associated with this option should be negligible, however, 
approval from the SFWMD would be required if additional canal water is pumped from the canal(s) 
which may require a special study. 

Option #2 - New Pump 

There is a possibility that a new pump could be installed near the northwest part of the golf course to 
bring water via pipe or bioswale to the enhanced ponds.  This operation would likely enhance the 
treatment capabilities of the system because the canal on the west side has higher concentrations of 
total nitrogen because it drains a much larger portion of the City than the canal on the east side.  For 
this option, the costs were determined based on the assumption that the water would be piped below 
ground for about 1,500 feet to connect with the pond system.  This estimate is highly variable and the 
final cost is very likely to be different than the estimates provided here.  Several factors will affect the 
cost including: pipe length, the possible use of swales instead of pipe, and whether the golf course can 
install the system themselves.  Also, the cost of the pump(s) will likely vary considerably based on the 
quality, size, and pumping capacity required.  Each of these should be more accurately determined in 
the final design.  

Option #3 - Bioswales 

Option three includes 1 to 3 bioswales to treat runoff from the golf course and surrounding areas.  In 
addition, the two southern most bioswales are strategically located to improve drainage for flooding 
issues.  The top most bioswale could be used to convey water from the new pump concept should that 
option be selected.  All three drain directly into the pond system, thereby creating a treatment train for 
water quality improvements.  The costs for bioswales included in this concept plan assume all three 
bioswales are constructed and landscaped by others than the golf course.  Should the golf course 
construct, or provide the landscaping themselves, the total cost for the bioswale concepts can be 
considerably less. 

Bioswale Soil Media 

If bioswales are selected, they should be designed to have soil media that meets the following 
specifications: 

¶ For safety and ease of maintenance, side slopes should be no steeper than 3h:1v. 

¶ At least 18 inches of soil media should be added above the underdrain layer to create an 
acceptable filter. 

¶ The soil media should be obtained from an approved vendor (or manufactured onsite to 
acceptable specifications) to create a consistent, homogeneous fill media. 

¶ The soil media should have a porosity of 30 percent and be capable of infiltration rates of 0.5 
in/hr or greater under compaction and should be free of rubbish, deleterious material, 
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toxicants, declared plants and local weeds (as listed in local guidelines/acts), and should not be 
hydrophobic. 

¶ The soil media should contain some organic matter for increased water holding capacity but be 
low in nutrient content. 

The recommended soil mixture and recommended media testing and specified ranges is shown in Table 
A.1-1.  

Table A.1-1. Soil Media Specifications 

Material Specification Notes 

Filter Media 
Composition 

¶ 85-88% sand 

¶ 8-12% soil fines 

¶ 3-5% organic matter in form of 
leaf compost 

The volume of filter media should be 
based on 110% of the product of the 
surface area and the media depth, to 
account for settling. 

Filter Media Testing 

¶ Mehlich-I Extractable mg/kg = 10-25 (This is enough phosphorus to 
support plant growth without exporting phosphorus from the cell.) 

¶ Cation Exchange Capacity (CEC) greater than 10 

¶ Soil pH between 5.5 and 7.0 

¶ Mix on-site or procure from an approved media vendor  

Top Soil 
4 inch surface depth of loamy sand or sandy loam texture, with less than 5% 
clay content, a corrected pH of 6 to 7, and at least 2% organic matter 

Permeability Infiltration should be 0.5 in/hr or greater 

 

It may be advisable to start with an open-graded coarse sand material and proportionately mix in topsoil 
that will contain anywhere from 30 to 50 percent soil fines (sandy loam, loamy sand) to achieve the 
desired ratio of sand and fines.  An additional 3 to 5 percent organic matter can then be added.  (The 
exact composition of organic matter and topsoil material will vary, making particle size distribution and 
the recipe for the total soil media mixture difficult to define in advance of evaluating the available 
material.) 

Bioswale Choking Layer 

A 2 to 4 inch layer of choker stone (e.g., typically ASTM D448 No. 8 or No. 89 washed gravel) should be 
placed beneath the soil media and over the underdrain stone. 

Bioswale Underdrain 

The underdrain should be 4 or 6 inch perforated schedule 40 PVC pipe with 3/8 inch perforations at 6 
inches on center.  The underdrain must be encased in a layer of clean, washed ASTM D448 No.57 stone.  
The number and diameter of the underdrains used must be sized so that the bioswale system fully 
drains within 72 hours or less. 

Bioswale Plant Selection 

For the bioswales to function properly as stormwater treatment and enhance the landscape, vegetation 
selection is crucial.  Appropriate vegetation will have the following characteristics: 

¶ Plant materials must be tolerant of drought, ponding fluctuations, and saturated soil conditions 
for 10 to 48 hours. 
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¶ It is recommended that a minimum of three herbaceous groundcover species be incorporated to 
protect against facility failure from disease and insect infestations of a single species. 

¶ Native plant species or hardy cultivars that are not invasive and do not require chemical inputs 
are recommended to be used to the maximum extent practicable. 

It is recommended that the planting plan be prepared by a qualified landscape professional (e.g., 
licensed professional landscape architect, certified horticulturalist) in order to tailor the planting plan to 
the site-specific conditions.  However, a selection of plant species, along with additional details including 
the recommended spacing, container size, and light requirements, is provided in Table A.1-2. 

 

Table A.1-2. Plant Species for Bioswales 

Common name Scientific Name Spacing 
Container 

Size Light 

Sand cord grass Spartina bakeri 5' O.C. 1 gal full sun 

Blue maidencane Amphicarpum muhlenbergianum 3' O.C. 4" pot partial shade 

Muhly grass Muhlenbergia capillaris 3' O.C. 1 gal full sun 

Notes: Planting elevations relative to established water surface elevations. O.C. = on center 

 

Enhanced Ponds, Pumps, and Bioswales - Operations and Maintenance 

In order to maximize the water quality benefits of the enhanced pond system concept, operations 
within the golf course will likely need to be modified.  With a ten day residence time, the volume of 
water pumped from the canal will likely need to be increased from 119.1 million gallons per year to 
more than 220 million gallons.  However, a more thorough analysis is required to determine an exact 
volume.  The final decision will depend on irrigation needs, golf course operations, weather, and 
requirements/approval from the Southwest Florida Water Management District.        

Maintenance activities for the ponds, pumps, and bioswales should be focused on the major system 
components, especially inflow and outlets.  Table A.1-3 outlines the required maintenance tasks, their 
associated frequency, and notes to expand on the requirements of each task. 

Table A.1-3. Maintenance Tasks for Bioswales 

Task Frequency Maintenance Notes 

Monitoring infiltration 
and drainage 

1 time/year 

Inspect drainage time (12-24 hours).  Might have to 
determine infiltration rate (every 2-3 years).  Turning 
over or replacing the media (top 2-3 inches) might be 
necessary to improve infiltration (at least 0.5 in/hr). 

Check and repair eroded 
areas 

1 time/year Eroding banks can reduce the capacity of the swale. 

Watering 
1 time/2-3 days for first 
1-2 months; sporadically 
after establishment 

If drought conditions exist, watering after the initial 
year might be required. 

Fertilization 1 time initially One-time spot fertilization for first year vegetation. 
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Outlet inspection 1 time/year 
Check for erosion at the outlet and remove any 
accumulated sediment. 

Miscellaneous upkeep 1 time/year 
Tasks include trash and debris collection, plant health, 
spot weeding, and removing sediment. 

 

Enhanced Pond System - Total Nitrogen Load Impacts 

Nitrogen removal for the enhanced wet pond system is based on a variety of factors.  The most 
dominant factor is residence time, which is the amount of time water spends in the pond system before 
exiting.  An ideal scenario allows enough time for unwanted constituents to either settle out of the 
water column, or be removed through natural chemical and biological processes.  According to Florida 
59tΩǎ {ǘƻǊƳǿŀǘŜǊ vǳŀƭƛǘȅ !ǇǇƭƛŎŀƴǘΩǎ IŀƴŘōƻƻƪΣ ǘƻǘŀƭ ƴƛǘǊƻƎŜƴ ό¢bύ ǊŜƳƻǾŀƭ ŜŦŦƛŎƛŜƴŎȅ Ŏŀƴ ōŜ 
determined by the following relationship and equation: 

 

Variable td represents detention time (residence time).  Hydraulic detention time is governed by flow 
rate, which would be controlled by the pump system(s).  The following equation relates flow rate to 
detention time: 

td = (ҿ)*(AxD)/(Q) 

Variable ҿ, A, D, and Q ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǿŜǘ ǇƻƴŘΩǎ ǎƻƛƭ ǇƻǊƻǎƛǘȅΣ ŀǊŜŀΣ ŘŜǇǘƘΣ ŀƴŘ Ŧƭƻǿ ǊŀǘŜ ǊŜǎǇŜŎǘƛǾŜƭȅΦ   

For the pond system, a residence time of 10 days was used to calculate the flow and removal efficiency 
that might be expected.  Table A.1-4 and Figure A.1-3 highlight the total annual load reduction for TN.   
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Table A.1-4. Load Reductions for the Enhanced Pond System 

Constituent 
Average Annual Loads 

 Average Annual 
Reduction 

Pre-BMP Post-BMP  Reduction  Percent 

Total Nitrogen (lbs) 843  587   256  30% 

  

 

 

 

 

 

 

 

Figure A.1-3. Load Reductions for the Enhanced Pond System 

 

Bioswales - Total Nitrogen Load Impacts 

SUSTAIN was used to quantify potential water quality benefits achieved by implementing bioswales.  
The simulations were run for a 17 year period from January 1, 1996 through December 31, 2013.  Table 
A.1-5 and Figure A.1-4 highlight the total annual load reduction for TN.  Time series data were available 
from the model.  Water quality benefits are realized through loss of pollutant mass via infiltration and 
through improved nutrient absorption and pollutant uptake from the vegetation within the BMP. 

 

Table A.1-5. Load Reductions for the Bioswales 

Constituent 
Average Annual Loads 

 Average Annual 
Reduction 

Pre-BMP Post-BMP  Reduction  Percent 

Total Nitrogen (lbs) 126  67   58  46% 
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Figure A.1-4. Load Reductions for the Bioswales 

Pump and Pipe Cost Opinion 

The estimated cost of implementing a new pump and pipe system is presented in Table A.1-6. 

These costs are presented for planning purposes only.  Actual costs will likely vary from those presented 
here and are highly dependent on who does the planning, design, construction, and operations and 
maintenance.  As can be seen in the table, the cost for trenching, pipe, and pipe installation constitute 
the majority of the cost estimate.  If the project selects the use of swales in lieu of the pipe, these costs 
will be significantly lower. These costs are very conservative and as calculated, the cost per pound 
removed of TN for the new pump and enhanced pond system is estimated to be about $564.45. 

Table A.1-6. Pump and Pipe Cost Opinion 

Item No Description Quant. Unit Unit Cost Total 

  Pumping Equipment         

1 Pump 1 Each $10,000.00  $10,000.00  

2 Trenching , Pipe, and Pipe Installation 1,500 LF $50.00  $75,000.00  

Construction Subtotal $85,000.00  

3 Utility Adj (5% of subtotal)       $4,250.00  

4 Planning (20% of subtotal)       $17,000.00  

5 Design (20% of subtotal)       $17,000.00  

6 Mobilization (10% of subtotal)       $8,500.00  

7 Contingency (15% of subtotal)       $12,750.00  

Construction Total $144,500.00  

8 20-Year O&M 0 SF $2.28  $0.00  

Total Cost $144,500.00  
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Bioswales Cost Opinion 

The estimated cost of implementing bioswales is presented in Table A.1-7 and assumes the following 
swale dimensions: 

1) Total Length = 1,050 
2) Top Width = 12 feet 
3) Bottom Width = 6 feet 
4) Swale Depth = 1.5 feet 
5) Soil Media Depth = 1.5 feet 
6) Gravel Layer = 0.5 feet 

These costs are presented for planning purposes only.  Actual costs will likely vary from those presented 
here and are highly dependent on factors such as who performs the construction, landscaping, design, 
and operations and maintenance.  These costs are therefore very conservative and will likely be much 
less than what is presented here.   The conservative cost per pound removed of TN for the bioswales is 
estimated to be about $4,190.94. 

Table A.1-7. Cost Opinion 

Item No Description Quant. Unit 
Unit 
Cost 

Total 

  Preparation         

1 Temporary Construction Fence 5,100 LF $2.50  $12,750.00  

2 Silt Fence 5,100 LF $3.00  $15,300.00  

  Site Preparation         

3 Excavation and Removal 2,400 CY $8.52  $20,448.00  

  Bioswales         

4 4 inch Perforated Pipe 2,550 LF $2.00  $5,100.00  

5 Gravel Subbase - 6 inches 15,300 SF $0.55  $8,415.00  

6 Fine Grading 30,600 SF $0.72  $22,032.00  

7 Soil Amendments 200 CY $13.00  $2,600.00  

  Landscaping         

8 Vegetation 30,600 SF $0.50  $15,300.00  

Construction Subtotal $101,945.00  

9 Utility Adj (5% of subtotal)       $5,097.25  

10 Planning (10% of subtotal)       $10,194.50  

11 Design (30% of subtotal)       $30,583.50  

12 Mobilization (10% of subtotal)       $10,194.50  

13 Contingency (15% of subtotal)       $15,291.75  

Construction Total $173,306.50  

14 20-Year O&M 30,600 SF $2.28  $69,768.00  

Total Cost $243,074.50  
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Design Details and Drawings 

The conceptual plan and cross-section details are provided in Exhibit A.1 
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2. P1-1042: SE 10th  Place Parking Lot  - 

Bioretention Retrofit  

Project Location and Description 

The project is located in the City owned parking lot at SE 10th Place between SE 46th Lane and SE 47th 
Terrace.  There are several businesses and facilities surrounding the parking lot including the Fraternal 
Order of Eagles, Elks Lodge, La Terraza 47, Dixie Roudhouse, Cape Coral Bingo, Back Streets Sports Bar, 
Salon at Club Square, La Venezia Ballroom, and Team Aubuchon.  Figure A.2-1 shows the project 
location. 

 

Figure A.2-1. Project location for site P1-1042 

 

This project proposes replacing the existing grass medians in the parking lot with bioretention.  
Bioretention cells are depressions filled with 1.5 to 3 feet of engineered soil media and planted with 
drought and flood tolerant plants.  The distance from the bottom of the practice to the top of the 
seasonal high water table should not be less than 0.5 feet.  Stormwater drains into the surface of the 
bioretention cell and, as the water infiltrates through the soil media, the soil and plants remove a 
ǇƻǊǘƛƻƴ ƻŦ ǇƻƭƭǳǘŀƴǘǎΦ  hƴŎŜ ǘƘŜ ǎǘƻǊƳǿŀǘŜǊ ƛƴŦƛƭǘǊŀǘŜǎ ǘƘǊƻǳƎƘ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ŎŜƭƭΩǎ ǎƻƛƭ ƳŜŘƛŀΣ ƛǘ ƛǎ 
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drained into the native soil or out of the device through an underdrain pipe.  Most bioretention cells are 
designed so that between a half foot and one foot of water can pond in the cell during a rain event.  A 
weir is included in the bioretention cell to bypass excess water above the ponding depth.  Since 
bioretention areas use mulch and a variety of shrubs and small trees, they can be easily incorporated 
into existing landscaping.  These types of devices are a good option for the City, particularly for new 
parking lots and as a retrofit for existing parking lots as is being proposed here. 

The total contributing drainage area is approximately 5.3 acres and encompasses the entire parking lot 
on the East and West side of SE 10th Place.  The parking lots are graded to direct flow towards the grass 
medians and then into stormwater pipes that flow East to West as shown in Figure A.2-2. 

     

Figure A.2-2. Existing drainage pattern for site P1-1042 

 

BMP Sizing 

As a general guideline, bioretention should occupy at least 5 to 7 percent of the drainage area to treat 
the first inch of runoff (first flush).  Other guidance, such as that provided by EPA, recommends that 
bioretention treat the 85th to 95th percentile storm event which for the City was calculated to be about 
1.27 to 2.19 inches respectively.  Because this BMP is being implemented as a retrofit to improve the 
overall water quality of the City and to work towards meeting the requirements of the Caloosahatchee 
BMAP, site constraints, existing dimensions, and cost are the main considerations regarding size.  
However, the guidelines mentioned above are important factors in determining whether a site has 
adequate area for effective treatment.  For this project, the area available for bioretention represents 
about 5.14 percent of the drainage area.  Thus, the suggested retrofit configuration of the area available 
for bioretention should be considered adequate for cost effective treatment.    
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BMP Conceptual Layout 

The suggested BMP configuration is intended to convert the existing catch basin/grass areas into 
bioretention cells in order to capture concentrated sheet flow from the East and West parking lots for 
treatment.  The location utilizes the exisǘƛƴƎ ŘǊŀƛƴŀƎŜ ǇŀǘǘŜǊƴǎ ŀƴŘ ƛǎ ŎƻƴŦƛƎǳǊŜŘ άƻƴ-ƭƛƴŜέ ǘƻ ƳƛƴƛƳƛȊŜ 
excavation, grading, demolition, and piping.  The BMP configuration and typical cross-section details are 
provided in Exhibit A.1. 

Overflow Structure 

During on-line flow all runoff from the drainage area flows into the bioretention system.  Flows that 
exceed the design capacity exit the bioretention area via an overflow structure or weir.  The following 
considerations should be included in the final overflow design: 

¶ The overflow device must convey runoff to the storm sewer. 

¶ Common overflow systems within bioretention consist of an inlet structure, where the top of 
the structure is placed at the maximum ponding depth of the bioretention area, which is 
typically between 6 to 12 inches above the surface of the filter bed. 

¶ The overflow device should be scaled to the application. 

¶ At least 3 to 6 inches of freeboard must be provided between the top of the overflow device and 
the top of the bioretention area to ensure that nuisance flooding will not occur. 

Soil Media 

The bioretention cells should be designed to have soil media that meets the following specifications: 

¶ For safety and ease of maintenance, side slopes should be no steeper than 3h:1v. 

¶ At least 18 inches of soil media should be added above the underdrain layer to create an 
acceptable filter. 

¶ The soil media should be obtained from an approved vendor (or manufactured onsite to 
acceptable specifications) to create a consistent, homogeneous fill media. 

¶ The soil media should have a porosity of 30 percent and be capable of infiltration rates of 0.5 
in/hr or greater under compaction and should be free of rubbish, deleterious material, 
toxicants, declared plants and local weeds (as listed in local guidelines/acts), and should not be 
hydrophobic. 

¶ The soil media should contain some organic matter for increased water holding capacity but be 
low in nutrient content. 

The recommended soil mixture and recommended media testing and specified ranges is shown in Table 
A.2-1.  
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Table A.2-1. Soil Media Specifications 

Material Specification Notes 

Filter Media 
Composition 

¶ 85-88% sand 

¶ 8-12% soil fines 

¶ 3-5% organic matter in form of 
leaf compost 

The volume of filter media should be 
based on 110% of the product of the 
surface area and the media depth, to 
account for settling. 

Filter Media Testing 

¶ Mehlich-I Extractable mg/kg = 10-25 (This is enough phosphorus to 
support plant growth without exporting phosphorus from the cell.) 

¶ Cation Exchange Capacity (CEC) greater than 10 

¶ Soil pH between 5.5 and 7.0 

¶ Mix on-site or procure from an approved media vendor  

Top Soil 
4 inch surface depth of loamy sand or sandy loam texture, with less than 5% 
clay content, a corrected pH of 6 to 7, and at least 2% organic matter 

Permeability Infiltration should be 0.5 in/hr or greater 

 

It may be advisable to start with an open-graded coarse sand material and proportionately mix in topsoil 
that will contain anywhere from 30 to 50 percent soil fines (sandy loam, loamy sand) to achieve the 
desired ratio of sand and fines.  An additional 3 to 5 percent organic matter can then be added.  (The 
exact composition of organic matter and topsoil material will vary, making particle size distribution and 
the recipe for the total soil media mixture difficult to define in advance of evaluating the available 
material.) 

Choking Layer 

A 2 to 4 inch layer of choker stone (e.g., typically ASTM D448 No. 8 or No. 89 washed gravel) should be 
placed beneath the soil media and over the underdrain stone. 

Underdrains 

The underdrain should be 4 or 6 inch perforated schedule 40 PVC pipe with 3/8 inch perforations at 6 
inches on center.  The underdrain must be encased in a layer of clean, washed ASTM D448 No.57 stone.  
The number and diameter of the underdrains used must be sized so that the bioretention system fully 
drains within 72 hours or less. 

Plant Selection 

For the bioretention cells to function properly as stormwater treatment and enhance the landscape, 
vegetation selection is crucial.  Appropriate vegetation will have the following characteristics: 

¶ Plant materials must be tolerant of drought, ponding fluctuations, and saturated soil conditions 
for 10 to 48 hours. 

¶ It is recommended that a minimum of three tree, three shrub, and three herbaceous 
groundcover species be incorporated to protect against facility failure from disease and insect 
infestations of a single species. 

¶ Native plant species or hardy cultivars that are not invasive and do not require chemical inputs 
are recommended to be used to the maximum extent practicable. 
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It is recommended that the planting plan be prepared by a qualified landscape professional (e.g., 
licensed professional landscape architect, certified horticulturalist) in order to tailor the planting plan to 
the site-specific conditions.  However, a selection of plant species, along with additional details including 
the recommended spacing, container size, and light requirements, is provided in Table A.2-2. 

 

Table A.2-2. Plant Species for Bioretention 

Common name Scientific Name Spacing 
Container 

Size Light 

Dahoon holly Ilex cassine 10' O.C. 3 gal full sun to partial shade  

Cabbage palm Sabal palmetto 10' O.C. 3 gal full sun to partial shade  

Wax myrtle Myrica cerifera 5' O.C. 1 gal full sun to partial shade  

Shyny lyonia lyonia lucida 5' O.C. 1 gal full sun to partial shade  

Dwarf yaupon holly Ilex vomitoria cv.Schellings 5' O.C. 1 gal part shade/part sun 

Saw palmetto Serenoa repens 5' O.C. 3 gal full sun  to full shade 

American beautyberry Callicarpa americana 5' O.C. 1 gal part shade/part sun 

Sand cord grass Spartina bakeri 5' O.C. 1 gal full sun 

Blue maidencane Amphicarpum muhlenbergianum 3' O.C. 4" pot partial shade 

Muhly grass Muhlenbergia capillaris 3' O.C. 1 gal full sun 

Notes: Planting elevations relative to established water surface elevations. O.C. = on center 

 

Operations and Maintenance 

Maintenance activities for bioretention should be focused on the major system components, especially 
landscaping and the overflow structures.  Landscaped components should blend over time through plant 
and root growth, organic decomposition, and develop a natural soil horizon.  The biological and physical 
ǇǊƻŎŜǎǎŜǎ ƻǾŜǊ ǘƛƳŜ ǿƛƭƭ ƭŜƴƎǘƘŜƴ ǘƘŜ ŦŀŎƛƭƛǘȅΩǎ ƭƛŦŜ ǎǇŀƴ ŀƴŘ ǊŜŘǳŎŜ ǘƘŜ ƴŜŜŘ ŦƻǊ ŜȄǘŜƴǎƛǾŜ ƳŀƛƴǘŜƴŀƴŎŜΦ  
The primary maintenance requirement for the overflow structures consists of regular inspection for 
clogging. 

Irrigation for the bioretention cells might be needed, especially during plant establishment or in periods 
of extended drought.  Irrigation frequency will depend on the season and type of vegetation.  Native 
plants might require less irrigation than non-native plants. 

Table A.2-3 outlines the required maintenance tasks, their associated frequency, and notes to expand on 
the requirements of each task. 
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Table A.2-3. Maintenance Tasks for Bioretention 

Task Frequency Maintenance Notes 

Monitoring infiltration 
and drainage 

1 time/year 

Inspect drainage time (12-24 hours).  Might have to 
determine infiltration rate (every 2-3 years).  Turning 
over or replacing the media (top 2-3 inches) might be 
necessary to improve infiltration (at least 0.5 in/hr). 

Pruning 1-2 times/year 
Nutrients in runoff often cause bioretention vegetation 
to flourish. 

Mowing 2-12 times/year 
Frequency depends on the location and desired 
aesthetic appeal. 

Mulching 1-2 times/year Recommend maintaining 1"-3" uniform mulch layer. 

Mulch removal 1 time/2-3 years 
Mulch accumulation reduces available water storage 
volume.  Removal of mulch also increases surface 
infiltration rate of fill soil. 

Watering 
1 time/2-3 days for first 
1-2 months; sporadically 
after establishment 

If drought conditions exist, watering after the initial 
year might be required. 

Fertilization 1 time initially One-time spot fertilization for first year vegetation. 

Remove and replace 
dead plants 

1 time/year 
Within the first year, 10% of plants can die.  Survival 
rates increase with time. 

Inlet inspection 
Once after first rain of 
the season, then monthly 
during the rainy season 

Check for sediment accumulation to ensure that flow 
into the retention area is as designed.  Remove any 
accumulated sediment. 

Outlet inspection 
Once after first rain of 
the season, then monthly 
during the rainy season 

Check for erosion at the outlet and remove any 
accumulated mulch or sediment. 

Miscellaneous upkeep 12 times/year 
Tasks include trash collection, plant health, spot 
weeding, and removing mulch from the overflow 
device. 

 

Total Nitrogen Load Impacts 

SUSTAIN was used to quantify potential water quality benefits achieved by implementing the 
bioretention BMP.  The simulations were run for a 17 year period from January 1, 1996 through 
December 31, 2013.  Table A.2-4 and Figure A.2-3 highlight the total annual load reduction for total 
nitrogen (TN).  Time series data were available from the model.  Water quality benefits are realized 
through loss of pollutant mass via infiltration by increasing the residence time and through pollutant 
uptake from the vegetation within the BMP. 
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Table A.2-4. SUSTAIN model load reductions for Site P1-1042 

Constituent 
Average Annual Loads 

 Average Annual 
Reduction 

Pre-BMP Post-BMP  Reduction  Percent 

Volume (ft3) 1,070,050        739,156      330,895  31% 

Total Nitrogen (lbs) 311  122   189  61% 

 

 

 

 

 

 

 

 

 

Figure A.2-3. SUSTAIN model load reductions for Site P1-1042 

 

Cost Opinion 

The estimated costs of implementing bioretention at the City owned parking lot are presented in Table 
A.2-5.  These costs are presented for planning purposes only.  Actual costs will likely vary from those 
presented here.  The cost per pound removed of TN for this BMP is estimated to be about $952.00. 
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Table A.2-5. Cost Opinion 

Item No Description Quant. Unit 
Unit 
Cost 

Total 

  Preparation         

1 Temporary Construction Fence 1,000 LF $2.50  $2,500.00  

2 Silt Fence 1,000 LF $3.00  $3,000.00  

  Site Preparation         

3 Excavation and Removal 1,750 CY $8.52  $14,910.00  

  Bioretention       $0.00  

4 4 inch Perforated Pipe 1,750 LF $2.00  $3,500.00  

5 Gravel Subbase - 6 inches 12,000 SF $0.55  $6,600.00  

6 Fine Grading 12,000 SF $0.72  $8,640.00  

7 Soil Amendments 200 CY $13.00  $2,600.00  

  Landscaping         

8 Vegetation 12,000 SF $4.00  $48,000.00  

Construction Subtotal $89,750.00  

9 Utility Adj (5% of subtotal)       $4,487.50  

10 Planning (10% of subtotal)       $8,975.00  

11 Design (30% of subtotal)       $26,925.00  

12 Mobilization (10% of subtotal)       $8,975.00  

13 Contingency (15% of subtotal)       $13,462.50  

Construction Total $152,575.00  

14 20-Year O&M 12,000 SF $2.28  $27,360.00  

Total Cost $179,935.00  

 

Design Details and Drawings 

The conceptual plan and cross-section details are provided in Exhibit A.2. 
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3. Dry Swales  

Project Description 

This project proposes replacing existing stormwater conveyance channels (grass channels) with dry 
swales.  Most of the multifamily, single family, and low density residential areas in the City utilize grass 
channels and are good candidates for dry swale retrofits.  The retrofit generally includes restoring the 
capacity of the existing grass channels for stormwater conveyance and adding a pre-mixed soil filter 
system and underdrain to treat and return the stormwater to the conveyance system further 
downstream.  The dry swale design features will ensure that infiltration of stormwater will not depend 
only on the infiltration rate and nutrient removal capacity of the existing soils.  Only in special 
circumstances where natural soil and groundwater conditions consistently provide the right soil 
chemistry and infiltration rates will a traditional drainage/grassed channel design provide the same 
water quality benefits as a dry swale design.   

The dry swale retrofit should consist of a depression filled with 1.5 to 2 feet of engineered soil media, 
which is covered with either drought/flood tolerant grass or sod.  The distance from the bottom of the 
practice to the top of the seasonal high water table should not be less than 0.5 feet for most 
applications; however, there will be instances in the City where dry swale retrofits will need to include 
provisions to operate as a wet swale during the wet season because the distance will be less than 0.5 
feet (or within the water table itself).  One positive of this condition might be improved drainage that 
will help to reduce flooding during the wet season. 

Stormwater drains onto the surface of the dry swale and as the water infiltrates through the soil media, 
it is drained either into the native soil, or out of the soil media through an underdrain pipe.  The dry 
swale retrofits will generally be designed to provide one or more feet of ponding capacity for rain 
events.  Culverts are provided below driveways for conveyance downstream to the canal system.  
Because most of the residential areas within the City already use grass channels for stormwater 
conveyance, retrofitting these channels wƛǘƘ ŘǊȅ ǎǿŀƭŜǎ ǎƘƻǳƭŘ ōŜ Ŝŀǎƛƭȅ ƛƴŎƻǊǇƻǊŀǘŜŘ ƛƴǘƻ ǘƘŜ /ƛǘȅΩǎ 
long term stormwater management plan as a cost effective practice.    

The contributing drainage area to each swale includes road drainage and runoff from each residential lot 
where a dry swale will be installed.  Runoff from the residential parcels includes rooftop area, driveways, 
and yards.  Figure A.3-1 shows the multifamily, single family, and low density residential areas that 
should be considered for dry swale retrofits and prioritization. 

The costs and costs per pound removed in this concept plan are based on multifamily residential 
implementation because multifamily residential areas should be prioritized first, followed by single 
family residential, followed by low density residential. 

The AIM/Tetra Tech team encourages the City to consider implementing a pilot program to study the 
effectiveness of enhanced dry swales at removing TN in the City.  The program would enable the City to 
evaluate different combinations of filter media and other design considerations to determine local 
removal efficiencies compared to the existing grass channels.  In addition, the program will help pinpoint 
the best overall design for distributed implementation should the concept prove cost effective.   
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Figure A.3-1. Residential Parcels Where Dry Swale Retrofits are Recommended 
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BMP Sizing 

The maximum contributing drainage area to a dry swale should be less than five acres.  Depending on 
the amount of impervious cover, the footprint should be between 3 and 10 percent of the contributing 
drainage area.  For the residential parcels in the City where dry swales are recommended, it is 
anticipated that the swale footprint will be about 5 percent of the contributing drainage area.  Because 
this BMP is being implemented as a retrofit to improve the overall water quality of the City and to work 
towards meeting the requirements of the Caloosahatchee BMAP, site constraints, existing dimensions, 
drainage capacity, and cost are the main considerations regarding size.  However, the guidelines 
mentioned above are important factors in determining whether a site has adequate area for effective 
treatment.  Based on the planned implementation strategy of prioritizing residential areas, the area 
expected to be available for dry swale retrofits is adequate for cost effective treatment.  

BMP Conceptual Layout 

The suggested dry swale retrofits will generally match the geometry of the existing grass drainage 
channels with identical lengths and very similar widths and depths.  However, depending on the capacity 
required to minimize flooding, there may be instances where the existing conveyance channel will need 
to be widened or deepened.  Each site or area should be hydrologically/hydraulically evaluated during 
the design process.  A typical dry swale retrofit and typical cross-section details are provided in Exhibit 
A.2. 

Soil Media 

The dry swales should be designed to have a soil media and geometry that meets the following 
specifications: 

¶ For safety and ease of maintenance, side slopes should be no steeper than 2h:1v. 

¶ At least 18 inches of soil media should be added above the underdrain layer to create an 
acceptable filter. 

¶ The soil media should be obtained from an approved vendor (or manufactured onsite to 
acceptable specifications) to create a consistent, homogeneous fill media. 

¶ The soil media should have a porosity around 30 percent and be capable of infiltration rates of 
0.5 in/hr or greater under compaction and should be free of rubbish, deleterious material, 
toxicants, declared plants and local weeds (as listed in local guidelines/acts), and should not be 
hydrophobic. 

¶ The soil media should contain some organic matter for increased water holding capacity but be 
low in nutrient content. 

The recommended soil mixture and recommended media testing and specified ranges is shown in Table 
A.3-1.  
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Table A.3-1. Soil Media Specifications 

Material Specification Notes 

Filter Media 
Composition 

¶ 85-88% sand 

¶ 8-12% soil fines 

¶ 3-5% organic matter in form of 
leaf compost 

The volume of filter media should be 
based on 110% of the product of the 
surface area and the media depth, to 
account for settling. 

Filter Media Testing 

¶ Mehlich-I Extractable mg/kg = 10-25 (This is enough phosphorus to 
support plant growth without exporting phosphorus from the cell.) 

¶ Cation Exchange Capacity (CEC) greater than 10  

¶ Soil pH between 5.5 and 7.0 

¶ Mix on-site or procure from an approved media vendor  

Top Soil 
4 inch surface depth of loamy sand or sandy loam texture, with less than 5% 
clay content, a corrected pH of 6 to 7, and at least 2% organic matter 

Permeability Infiltration should be 0.5 in/hr or greater 

 

It may be advisable to start with an open-graded coarse sand material and proportionately mix in topsoil 
that will contain anywhere from 30 to 50 percent soil fines (sandy loam, loamy sand) to achieve the 
desired ratio of sand and fines.  An additional 3 to 5 percent organic matter can then be added.  (The 
exact composition of organic matter and topsoil material will vary, making particle size distribution and 
the recipe for the total soil media mixture difficult to define in advance of evaluating the available 
material.) 

Choking Layer 

A 2 to 4 inch layer of choker stone (e.g., typically ASTM D448 No. 8 or No. 89 washed gravel) should be 
placed beneath the soil media and over the underdrain stone. 

Underdrains 

The underdrain should be 4 or 6 inch perforated schedule 40 PVC pipe with 3/8 inch perforations at 6 
inches on center.  The underdrain must be encased in a layer of clean, washed ASTM D448 No.57 stone.  
The number and diameter of the underdrains used must be sized so that the dry swale system fully 
drains within 72 hours or less. 

Operations and Maintenance 

Maintenance activities for the dry swales should be focused on the major system components, 
especially inflow and outlets.  In most cases, landscaped components will be maintained by home 
owners.  However, appropriate fertilizer rates, good mowing practices, and other related maintenance 
procedures should be discussed with the home owners following construction.    

Table A.3-2 outlines the required maintenance tasks, their associated frequency, and notes to expand on 
the requirements of each task. 
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Table A.3-2. Maintenance Tasks for Dry Swales 

Task Frequency Maintenance Notes 

Monitoring infiltration 
and drainage 

1 time/year 

Inspect drainage time (12-24 hours).  Might have to 
determine infiltration rate (every 2-3 years).  Turning 
over or replacing the media (top 2-3 inches) might be 
necessary to improve infiltration (at least 0.5 in/hr). 

Check and repair eroded 
areas 

1 time/year Eroding banks can reduce the capacity of the swale. 

Mowing As needed DǊŀǎǎ ǎƘƻǳƭŘ ōŜ ƳƻǿŜŘ ǘƻ ŀ ƘŜƛƎƘǘ ƻŦ пέ-фέ 

Watering 
1 time/2-3 days for first 
1-2 months; sporadically 
after establishment 

If drought conditions exist, watering after the initial 
year might be required. 

Fertilization 1 time initially One-time spot fertilization for first year vegetation. 

Outlet inspection 1 time/year 
Check for erosion at the outlet and remove any 
accumulated sediment. 

Miscellaneous upkeep 1 time/year 
Tasks include trash and debris collection, plant health, 
spot weeding, and removing sediment. 

 

Total Nitrogen Load Impacts 

SUSTAIN was used to quantify potential water quality benefits achieved by implementing dry swales in 
multifamily residential areas, single family residential areas, and low density residential areas.  The 
simulations were run for a 17 year period from January 1, 1996 through December 31, 2013.  Table 
A.3-3 and Figure A.3-2 highlight the total annual load reduction for total nitrogen (TN) for each or the 
multifamily residential classification.  Time series data were available from the model.  Water quality 
benefits are realized through loss of pollutant mass via infiltration and through improved nutrient 
absorption and pollutant uptake from the vegetation within the BMP. 

Table A.3-3. SUSTAIN Model Load Reductions for the Dry Swales for One Acre of Multifamily Residential 
Treatment 

Constituent 
Average Annual Loads 

 Average Annual 
Reduction 

Pre-BMP Post-BMP  Reduction  Percent 

Volume (ft3) 107,153        76,623      30,530  28% 

Total Nitrogen (lbs) 18  11   7  43% 
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Figure A.3-2. SUSTAIN Model Load Reductions for the Dry Swales for One Acre of Multifamily 

Residential Treatment 

 

Cost Opinion 

The estimated cost of implementing dry swales is presented in Table A.3-4 on a per acre basis and 
assumes the following swale dimensions: 

1) Length = 188 feet 
2) Top Width = 12 feet 
3) Bottom Width = 6 feet 
4) Swale Depth = 1.5 feet 
5) Soil Media Depth = 1.5 feet 
6) Gravel Layer = 0.5 feet 

These costs are presented for planning purposes only.  Actual costs will likely vary from those presented 
here.  The cost per pound removed of TN for this BMP is estimated to be about $962.00 per acre for 
multifamily residential, $2,208.00 per acre for single family residential, and $3,613.00 per acre for low 
density residential. 
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Table A.3-4. Cost Opinion 

Item No Description Quant. Unit 
Unit 
Cost Total 

  Preparation         

1 Erosion Control 40 LF $2.50  $100.00  

  Site Preparation         

2 Excavation and Removal 84 CY $8.52  $711.89  

 Bioretention         

 3 4 inch Perforated Pipe 188 LF $1.06  $199.28  

 4 Gravel Subbase - 6 inches 1128 SF $0.55  $620.40  

 5 Fine Grading 2444 SF $0.72  $1,759.68  

 6 Soil Amendments 5 CY $13.00  $61.10  

 Landscaping         

 7 Sod 2444 SF $0.55  $1,344.20  

Construction Subtotal $4,796.55  

8 Planning (10% of subtotal)       $479.66  

9 Design (5% of subtotal)       $239.83  

10 Mobilization (5% of subtotal)       $239.83  

11 Contingency (15% of subtotal)       $719.48  

Construction Total $6,475.35  

12 20-Year O&M 2444 SF $0.44  $1,075.36  

Total Cost $7,550.71  

 

Design Details and Drawings 

The conceptual plan and cross-section details are provided in Exhibit A.3. 
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4. P1-1034: Del Prado Mall -  

Parking Lot Retrofit  

Project Location and Description 

The project is located in the City owned parking lot of Del Prado Mall directly off of Del Prado Blvd.  
There are several businesses and facilities surrounding the parking lot including TJ-Max, Planet Fitness, 
!ŀǊƻƴΩǎΣ /ƛŎƛΩǎ tƛȊȊŀΣ CŀŎǘƻǊȅ /ŀǊŘ hǳǘƭŜǘΣ and Party City.  Figure A.4-1 shows the project location. 

  

Figure A.4-1. Project Location for Site P1-1034 

 

This project proposes replacing the portions of the existing parking lot with bioretention.  Bioretention 
cells are depressions filled with 1.5 to 3 feet of engineered soil media and planted with drought and 
flood tolerant plants.  The distance from the bottom of the practice to the top of the seasonal high 
water table should not be less than 0.5 feet.  Stormwater drains into the surface of the bioretention cell 
and, as the water infiltrates through the soil media, the soil and plants remove a portion of pollutants.  
Once the stormwater infiltrates through tƘŜ ǘǊŜŀǘƳŜƴǘ ŎŜƭƭΩǎ ǎƻƛƭ ƳŜŘƛŀΣ ƛǘ ƛǎ ŘǊŀƛƴŜŘ ƛƴǘƻ ǘƘŜ ƴŀǘƛǾŜ ǎƻƛƭ 
or out of the device through an underdrain pipe.  Most bioretention cells are designed so that between 
a half foot and one foot of water can pond in the cell during a rain event.  A weir is included in the 
bioretention cell to bypass excess water above the ponding depth.  Since bioretention areas use mulch 
and a variety of shrubs and small trees, they can be easily incorporated into existing landscaping.  These 
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types of devices are a good option for the City, particularly for new parking lots and as a retrofit for 
existing parking lots as is being proposed here. 

The total contributing drainage area is approximately 4.5 acres and encompasses all the parking lots of 
Del Prado Mall.  The parking lots are graded to direct flow towards the east end and then into 
stormwater pipes as shown in the Figure A.4-2. 

 

     

Figure A.4-2. Existing Drainage Patterns for Site P1-1034 

 

BMP Sizing 

As a general guideline, bioretention should occupy at least 5 to 7 percent of the drainage area to treat 
the first inch of runoff (first flush).  Other guidance, such as that provided by EPA, recommends that 
bioretention treat the 85th to 95th percentile storm event which for the City was calculated to be about 
1.27 to 2.19 inches respectively.  Because this BMP is being implemented as a retrofit to improve the 
overall water quality of the City and to work towards meeting the requirements of the Caloosahatchee 
BMAP, site constraints, existing dimensions, and cost are the main considerations regarding size.  
However, the guidelines mentioned above are important factors in determining whether a site has 
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adequate area for effective treatment.  For this project, the area available for bioretention represents 
about 6.68 percent of the drainage area.  Thus, the suggested retrofit configuration of the area available 
for bioretention should be considered adequate for cost effective treatment.    

BMP Conceptual Layout 

The suggested BMP configuration is intended to convert portions of the existing parking lot into 
bioretention in order to capture concentrated flow from the parking lot for treatment.  The location 
ǳǘƛƭƛȊŜǎ ǘƘŜ ŜȄƛǎǘƛƴƎ ŘǊŀƛƴŀƎŜ ǇŀǘǘŜǊƴǎ ŀƴŘ ƛǎ ŎƻƴŦƛƎǳǊŜŘ άƻƴ-ƭƛƴŜέ ǘƻ ƳƛƴƛƳƛȊŜ ŜȄŎŀǾŀǘƛƻƴΣ Ǝrading, 
demolition, and piping.  The BMP configuration and typical cross-section details are provided in Exhibit 
A.3. 

Overflow Structure 

During on-line flow all runoff from the drainage area flows into the bioretention system.  Flows that 
exceed the design capacity exit the bioretention area via an overflow structure or weir.  The following 
considerations should be included in the final overflow design: 

¶ The overflow device must convey runoff to the storm sewer. 

¶ Common overflow systems within bioretention consist of an inlet structure, where the top of 
the structure is placed at the maximum ponding depth of the bioretention area, which is 
typically between 6 to 12 inches above the surface of the filter bed. 

¶ The overflow device should be scaled to the application. 

¶ At least 3 to 6 inches of freeboard must be provided between the top of the overflow device and 
the top of the bioretention area to ensure that nuisance flooding will not occur. 

Soil Media 

The bioretention cells should be designed to have soil media that meets the following specifications: 

¶ For safety and ease of maintenance, side slopes should be no steeper than 3h:1v. 

¶ At least 18 inches of soil media should be added above the underdrain layer to create an 
acceptable filter. 

¶ The soil media should be obtained from an approved vendor (or manufactured onsite to 
acceptable specifications) to create a consistent, homogeneous fill media. 

¶ The soil media should have a porosity of 30 percent and be capable of infiltration rates of 0.5 
in/hr or greater under compaction and should be free of rubbish, deleterious material, 
toxicants, declared plants and local weeds (as listed in local guidelines/acts), and should not be 
hydrophobic. 

¶ The soil media should contain some organic matter for increased water holding capacity but be 
low in nutrient content. 

The recommended soil mixture and recommended media testing and specified ranges is shown in Table 
A.4-1. 
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Table A.4-1. Soil Media Specifications 

Material Specification Notes 

Filter Media 
Composition 

¶ 85-88% sand 

¶ 8-12% soil fines 

¶ 3-5% organic matter in form of 
leaf compost 

The volume of filter media should be 
based on 110% of the product of the 
surface area and the media depth, to 
account for settling. 

Filter Media Testing 

¶ Mehlich-I Extractable mg/kg = 10-25 (This is enough phosphorus to 
support plant growth without exporting phosphorus from the cell.) 

¶ Cation Exchange Capacity (CEC) greater than 10  

¶ Soil pH between 5.5 and 7.0 

¶ Mix on-site or procure from an approved media vendor  

Top Soil 
4 inch surface depth of loamy sand or sandy loam texture, with less than 5% 
clay content, a corrected pH of 6 to 7, and at least 2% organic matter 

Permeability Infiltration should be 0.5 in/hr or greater 

 

It may be advisable to start with an open-graded coarse sand material and proportionately mix in topsoil 
that will contain anywhere from 30 to 50 percent soil fines (sandy loam, loamy sand) to achieve the 
desired ratio of sand and fines.  An additional 3 to 5 percent organic matter can then be added.  (The 
exact composition of organic matter and topsoil material will vary, making particle size distribution and 
the recipe for the total soil media mixture difficult to define in advance of evaluating the available 
material.) 

Choking Layer 

A 2 to 4 inch layer of choker stone (e.g., typically ASTM D448 No. 8 or No. 89 washed gravel) should be 
placed beneath the soil media and over the underdrain stone. 

Underdrains 

The underdrain should be 4 or 6 inch perforated schedule 40 PVC pipe with 3/8 inch perforations at 6 
inches on center.  The underdrain must be encased in a layer of clean, washed ASTM D448 No.57 stone.  
The number and diameter of the underdrains used must be sized so that the bioretention system fully 
drains within 72 hours or less. 

Plant Selection 

For the bioretention cells to function properly as stormwater treatment and enhance the landscape, 
vegetation selection is crucial.  Appropriate vegetation will have the following characteristics: 

¶ Plant materials must be tolerant of drought, ponding fluctuations, and saturated soil conditions 
for 10 to 48 hours. 

¶ It is recommended that a minimum of three tree, three shrub, and three herbaceous 
groundcover species be incorporated to protect against facility failure from disease and insect 
infestations of a single species. 

¶ Native plant species or hardy cultivars that are not invasive and do not require chemical inputs 
are recommended to be used to the maximum extent practicable. 
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It is recommended that the planting plan be prepared by a qualified landscape professional (e.g., 
licensed professional landscape architect, certified horticulturalist) in order to tailor the planting plan to 
the site-specific conditions.  However, a selection of plant species, along with additional details including 
the recommended spacing, container size, and light requirements, is provided in Table A.4-2. 

 

Table A.4-2. Plant Species for Bioretention 

Common name Scientific Name Spacing 
Container 

Size Light 

Dahoon holly Ilex cassine 10' O.C. 3 gal full sun to partial shade  

Cabbage palm Sabal palmetto 10' O.C. 3 gal full sun to partial shade  

Wax myrtle Myrica cerifera 5' O.C. 1 gal full sun to partial shade  

Shyny lyonia lyonia lucida 5' O.C. 1 gal full sun to partial shade  

Dwarf yaupon holly Ilex vomitoria cv.Schellings 5' O.C. 1 gal part shade/part sun 

Saw palmetto Serenoa repens 5' O.C. 3 gal full sun  to full shade 

American beautyberry Callicarpa americana 5' O.C. 1 gal part shade/part sun 

Sand cord grass Spartina bakeri 5' O.C. 1 gal full sun 

Blue maidencane Amphicarpum muhlenbergianum 3' O.C. 4" pot partial shade 

Muhly grass Muhlenbergia capillaris 3' O.C. 1 gal full sun 

Notes: Planting elevations relative to established water surface elevations. O.C. = on center 

 

Operations and Maintenance 

Maintenance activities should be focused on the major system components, especially landscaping and 
the overflow structures.  Landscaped components should blend over time through plant and root 
growth, organic decomposition, and develop a natural soil horizon.  The biological and physical 
ǇǊƻŎŜǎǎŜǎ ƻǾŜǊ ǘƛƳŜ ǿƛƭƭ ƭŜƴƎǘƘŜƴ ǘƘŜ ŦŀŎƛƭƛǘȅΩǎ ƭƛŦŜ ǎǇŀƴ ŀƴŘ ǊŜŘǳŎŜ ǘƘŜ ƴŜŜŘ ŦƻǊ ŜȄǘŜƴǎƛǾŜ ƳŀƛƴǘŜƴŀƴŎŜΦ  
The primary maintenance requirement for the overflow structures consists of regular inspection for 
clogging. 

Irrigation for the bioretention cells might be needed, especially during plant establishment or in periods 
of extended drought.  Irrigation frequency will depend on the season and type of vegetation.  Native 
plants might require less irrigation than non-native plants. 

Table A.4-3 outlines the required maintenance tasks, their associated frequency, and notes to expand on 
the requirements of each task. 
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Table A.4-3. Maintenance Tasks for Bioretention 

Task Frequency Maintenance Notes 

Monitoring infiltration 
and drainage 

1 time/year 

Inspect drainage time (12-24 hours).  Might have to 
determine infiltration rate (every 2-3 years).  Turning 
over or replacing the media (top 2-3 inches) might be 
necessary to improve infiltration (at least 0.5 in/hr). 

Pruning 1-2 times/year 
Nutrients in runoff often cause bioretention vegetation 
to flourish. 

Mowing 2-12 times/year 
Frequency depends on the location and desired 
aesthetic appeal. 

Mulching 1-2 times/year Recommend maintaining 1"-3" uniform mulch layer. 

Mulch removal 1 time/2-3 years 
Mulch accumulation reduces available water storage 
volume.  Removal of mulch also increases surface 
infiltration rate of fill soil. 

Watering 
1 time/2-3 days for first 
1-2 months; sporadically 
after establishment 

If drought conditions exist, watering after the initial 
year might be required. 

Fertilization 1 time initially One-time spot fertilization for first year vegetation. 

Remove and replace 
dead plants 

1 time/year 
Within the first year, 10% of plants can die.  Survival 
rates increase with time. 

Inlet inspection 
Once after first rain of 
the season, then monthly 
during the rainy season 

Check for sediment accumulation to ensure that flow 
into the retention area is as designed.  Remove any 
accumulated sediment. 

Outlet inspection 
Once after first rain of 
the season, then monthly 
during the rainy season 

Check for erosion at the outlet and remove any 
accumulated mulch or sediment. 

Miscellaneous upkeep 12 times/year 
Tasks include trash collection, plant health, spot 
weeding, and removing mulch from the overflow 
device. 

 

Total Nitrogen Load Impacts 

SUSTAIN was used to quantify potential water quality benefits achieved by implementing the 
bioretention BMP.  The simulations were run for a 17 year period from January 1, 1996 through 
December 31, 2013.  Table A.4-4 and Figure A.4-3 highlight the total annual load reduction for total 
nitrogen (TN).  Time series data were available from the model.  Water quality benefits are realized 
through loss of pollutant mass via infiltration by increasing the residence time and through pollutant 
uptake from the vegetation within the BMP. 
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Table A.4-4. SUSTAIN Model Load Reductions for Site P1-1034 

Constituent 
Average Annual Loads 

 Average Annual 
Reduction 

Pre-BMP Post-BMP  Reduction  Percent 

Volume (ft3) 901,176        588,618      312,558  35% 

Total Nitrogen (lbs) 279  104   175  63% 

                                

Figure A.4-3. SUSTAIN Model Load Reductions for Site P1-1034 

 

Cost Opinion 

The estimated costs of implementing bioretention at the City owned parking lot are presented in Table 
A.4-5.  These costs are presented for planning purposes only.  Actual costs will likely vary from those 
presented here.  The cost per pound removed of TN for this BMP is estimated to be about $1,065.00. 
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Table A.4-5. Cost Opinion 

Item No Description Quant. Unit 
Unit 
Cost 

Total 

  Preparation         

1 Temporary Construction Fence 1130 LF $2.50  $2,825.00  

2 Silt Fence 1130 LF $3.00  $3,390.00  

  Site Preparation         

3 Excavation and Removal 1900 CY $8.52  $16,188.00  

  Bioretention         

4 4 inch Perforated Pipe 1660 LF $2.00  $3,320.00  

5 Gravel Subbase - 6 inches 13000 SF $0.55  $7,150.00  

6 Fine Grading 13000 SF $0.72  $9,360.00  

7 Soil Amendments 240 CY $13.00  $3,120.00  

  Landscaping         

8 Vegetation 13000 SF $4.00  $52,000.00  

Construction Subtotal $97,353.00  

9 Utility Adj (5% of subtotal)       $4,867.65  

10 Planning (10% of subtotal)       $9,735.30  

11 Design (30% of subtotal)       $29,205.90  

12 Mobilization (10% of subtotal)       $9,735.30  

13 Contingency (20% of subtotal)       $19,470.60  

Construction Total $170,367.75  

14 20-Year O&M 7500 SF $2.28  $17,100.00  

Total Cost $187,467.75  

 

Design Details and Drawings 

The conceptual plan and cross-section details are provided in Exhibit A.4. 
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5. P1-1031: Cape Coral Sports Center -

Detention Basin Retrofit  

Project Location and Description 

The project is located in the City owned detention basin at the Cape Coral Sports Center.  This facility 
includes four baseball fields, five softball fields, and a playground.  Figure A.5-1 shows the project 
location and drainage area. 

 

Figure A.5-1. Project Location for Site P1-1031 

 

This project proposes replacing the existing detention basin with bioretention.  Bioretention cells are 
depressions filled with 1.5 to 3 feet of engineered soil media and planted with drought and flood 
tolerant plants.  The distance from the bottom of the practice to the top of the seasonal high water 
table should not be less than 0.5 feet.  Stormwater drains into the surface of the bioretention cell and, 
as the water infiltrates through the soil media, the soil and plants remove a portion of pollutants.  Once 
ǘƘŜ ǎǘƻǊƳǿŀǘŜǊ ƛƴŦƛƭǘǊŀǘŜǎ ǘƘǊƻǳƎƘ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ŎŜƭƭΩǎ ǎƻƛƭ ƳŜŘƛŀΣ ƛǘ ƛǎ ŘǊŀƛƴŜŘ ƛƴǘƻ ǘƘŜ ƴŀǘƛǾŜ ǎƻƛƭ ƻǊ ƻǳǘ 
of the device through an underdrain pipe.  Most bioretention cells are designed so that between a half 
foot and one foot of water can pond in the cell during a rain event.  A weir is included in the 
bioretention cell to bypass excess water above the ponding depth.  Since bioretention areas use mulch 
and a variety of shrubs and small trees, they can be easily incorporated into existing landscaping.  These 
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types of devices are a good option for the City, and in this case presents an excellent opportunity as a 
retrofit of an existing detention basin. 

The total contributing drainage area is approximately 4.4 acres and includes the entire parking area for 
the Cape Coral Sports Center.  The parking lots are graded to direct flow towards swales as shown in 
theFigure A.5-2. 

      

Figure A.5-2. Existing Drainage Patterns for Site P1-1031 

 

BMP Sizing 

As a general guideline, bioretention should occupy at least 5 to 7 percent of the drainage area to treat 
the first inch of runoff (first flush).  Other guidance, such as that provided by EPA, recommends that 
bioretention treat the 85th to 95th percentile storm event which for the City was calculated to be about 
1.27 to 2.19 inches respectively.  Because this BMP is being implemented as a retrofit to improve the 
overall water quality of the City and to work towards meeting the requirements of the Caloosahatchee 
BMAP, site constraints, existing dimensions, and cost are the main considerations regarding size.  
However, the guidelines mentioned above are important factors in determining whether a site has 
adequate area for effective treatment.  For this project, the area available for bioretention represents 
about 4.4 percent of the drainage area, but could also be increased in size if required.  Thus, the 
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suggested retrofit configuration of the area available for bioretention should be considered adequate 
for cost effective treatment.    

BMP Conceptual Layout 

The suggested BMP configuration is intended to convert the existing detention basin into bioretention in 
order to capture concentrated sheet flow from the facilities parking lots for treatment.  The location 
utilizes the existing drainage pattŜǊƴǎ ŀƴŘ ƛǎ ŎƻƴŦƛƎǳǊŜŘ άƻƴ-ƭƛƴŜέ ǘƻ ƳƛƴƛƳƛȊŜ ŜȄŎŀǾŀǘƛƻƴΣ ƎǊŀŘƛƴƎΣ 
demolition, and piping.  The BMP configuration and typical cross-section details are provided in Exhibit 
A.5. 

Overflow Structure 

During on-line flow all runoff from the drainage area flows into the bioretention system.  Flows that 
exceed the design capacity exit the bioretention area via an overflow structure or weir.  The following 
considerations should be included in the final overflow design: 

¶ The overflow device must convey runoff to the storm sewer. 

¶ Common overflow systems within bioretention consist of an inlet structure, where the top of 
the structure is placed at the maximum ponding depth of the bioretention area, which is 
typically between 6 to 12 inches above the surface of the filter bed. 

¶ The overflow device should be scaled to the application. 

¶ At least 3 to 6 inches of freeboard must be provided between the top of the overflow device and 
the top of the bioretention area to ensure that nuisance flooding will not occur. 

Soil Media 

The bioretention cells should be designed to have soil media that meets the following specifications: 

¶ For safety and ease of maintenance, side slopes should be no steeper than 3h:1v. 

¶ At least 18 inches of soil media should be added above the underdrain layer to create an 
acceptable filter. 

¶ The soil media should be obtained from an approved vendor (or manufactured onsite to 
acceptable specifications) to create a consistent, homogeneous fill media. 

¶ The soil media should have a porosity of 30 percent and be capable of infiltration rates of 0.5 
in/hr or greater under compaction and should be free of rubbish, deleterious material, 
toxicants, declared plants and local weeds (as listed in local guidelines/acts), and should not be 
hydrophobic. 

¶ The soil media should contain some organic matter for increased water holding capacity but be 
low in nutrient content. 

The recommended soil mixture and recommended media testing and specified ranges is shown in Table 
A.5-1. 
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Table A.5-1. Soil Media Specifications 

Material Specification Notes 

Filter Media 
Composition 

¶ 85-88% sand 

¶ 8-12% soil fines 

¶ 3-5% organic matter in form of 
leaf compost 

The volume of filter media should be 
based on 110% of the product of the 
surface area and the media depth, to 
account for settling. 

Filter Media Testing 

¶ Mehlich-I Extractable mg/kg = 10-25 (This is enough phosphorus to 
support plant growth without exporting phosphorus from the cell.) 

¶ Cation Exchange Capacity (CEC) greater than 10 

¶ Soil pH between 5.5 and 7.0 

¶ Mix on-site or procure from an approved media vendor  

Top Soil 
4 inch surface depth of loamy sand or sandy loam texture, with less than 5% 
clay content, a corrected pH of 6 to 7, and at least 2% organic matter 

Permeability Infiltration should be 0.5 in/hr or greater 

 

It may be advisable to start with an open-graded coarse sand material and proportionately mix in topsoil 
that will contain anywhere from 30 to 50 percent soil fines (sandy loam, loamy sand) to achieve the 
desired ratio of sand and fines.  An additional 3 to 5 percent organic matter can then be added.  (The 
exact composition of organic matter and topsoil material will vary, making particle size distribution and 
the recipe for the total soil media mixture difficult to define in advance of evaluating the available 
material.) 

Choking Layer 

A 2 to 4 inch layer of choker stone (e.g., typically ASTM D448 No. 8 or No. 89 washed gravel) should be 
placed beneath the soil media and over the underdrain stone. 

Underdrains 

The underdrain should be 4 or 6 inch perforated schedule 40 PVC pipe with 3/8 inch perforations at 6 
inches on center.  The underdrain must be encased in a layer of clean, washed ASTM D448 No.57 stone.  
The number and diameter of the underdrains used must be sized so that the bioretention system fully 
drains within 72 hours or less. 

Plant Selection 

For the bioretention cells to function properly as stormwater treatment and enhance the landscape, 
vegetation selection is crucial.  Appropriate vegetation will have the following characteristics: 

¶ Plant materials must be tolerant of drought, ponding fluctuations, and saturated soil conditions 
for 10 to 48 hours. 

¶ It is recommended that a minimum of three tree, three shrub, and three herbaceous 
groundcover species be incorporated to protect against facility failure from disease and insect 
infestations of a single species. 

¶ Native plant species or hardy cultivars that are not invasive and do not require chemical inputs 
are recommended to be used to the maximum extent practicable. 
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It is recommended that the planting plan be prepared by a qualified landscape professional (e.g., 
licensed professional landscape architect, certified horticulturalist) in order to tailor the planting plan to 
the site-specific conditions.  However, a selection of plant species, along with additional details including 
the recommended spacing, container size, and light requirements, is provided in Table A.5-2. 

 

Table A.5-2. Plant Species for Bioretention 

Common name Scientific Name Spacing 
Container 

Size Light 

Dahoon holly Ilex cassine 10' O.C. 3 gal full sun to partial shade  

Cabbage palm Sabal palmetto 10' O.C. 3 gal full sun to partial shade  

Wax myrtle Myrica cerifera 5' O.C. 1 gal full sun to partial shade  

Shyny lyonia lyonia lucida 5' O.C. 1 gal full sun to partial shade  

Dwarf yaupon holly Ilex vomitoria cv.Schellings 5' O.C. 1 gal part shade/part sun 

Saw palmetto Serenoa repens 5' O.C. 3 gal full sun  to full shade 

American beautyberry Callicarpa americana 5' O.C. 1 gal part shade/part sun 

Sand cord grass Spartina bakeri 5' O.C. 1 gal full sun 

Blue maidencane Amphicarpum muhlenbergianum 3' O.C. 4" pot partial shade 

Muhly grass Muhlenbergia capillaris 3' O.C. 1 gal full sun 

Notes: Planting elevations relative to established water surface elevations. O.C. = on center 

 

Operations and Maintenance 

Maintenance activities should be focused on the major system components, especially landscaping and 
the overflow structures.  Landscaped components should blend over time through plant and root 
growth, organic decomposition, and develop a natural soil horizon.  The biological and physical 
ǇǊƻŎŜǎǎŜǎ ƻǾŜǊ ǘƛƳŜ ǿƛƭƭ ƭŜƴƎǘƘŜƴ ǘƘŜ ŦŀŎƛƭƛǘȅΩǎ ƭƛŦŜ ǎǇŀƴ ŀƴŘ ǊŜŘǳŎŜ ǘƘŜ ƴŜŜŘ ŦƻǊ ŜȄǘŜƴǎƛǾŜ ƳŀƛƴǘŜƴŀƴŎŜΦ  
The primary maintenance requirement for the overflow structures consists of regular inspection for 
clogging. 

Irrigation for the bioretention cells might be needed, especially during plant establishment or in periods 
of extended drought.  Irrigation frequency will depend on the season and type of vegetation.  Native 
plants might require less irrigation than non-native plants. 

Table A.5-3 outlines the required maintenance tasks, their associated frequency, and notes to expand on 
the requirements of each task. 
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Table A.5-3. Maintenance Tasks for Bioretention 

Task Frequency Maintenance Notes 

Monitoring infiltration 
and drainage 

1 time/year 

Inspect drainage time (12-24 hours).  Might have to 
determine infiltration rate (every 2-3 years).  Turning 
over or replacing the media (top 2-3 inches) might be 
necessary to improve infiltration (at least 0.5 in/hr). 

Pruning 1-2 times/year 
Nutrients in runoff often cause bioretention vegetation 
to flourish. 

Mowing 2-12 times/year 
Frequency depends on the location and desired 
aesthetic appeal. 

Mulching 1-2 times/year Recommend maintaining 1"-3" uniform mulch layer. 

Mulch removal 1 time/2-3 years 
Mulch accumulation reduces available water storage 
volume.  Removal of mulch also increases surface 
infiltration rate of fill soil. 

Watering 
1 time/2-3 days for first 
1-2 months; sporadically 
after establishment 

If drought conditions exist, watering after the initial 
year might be required. 

Fertilization 1 time initially One-time spot fertilization for first year vegetation. 

Remove and replace 
dead plants 

1 time/year 
Within the first year, 10% of plants can die.  Survival 
rates increase with time. 

Inlet inspection 
Once after first rain of 
the season, then monthly 
during the rainy season 

Check for sediment accumulation to ensure that flow 
into the retention area is as designed.  Remove any 
accumulated sediment. 

Outlet inspection 
Once after first rain of 
the season, then monthly 
during the rainy season 

Check for erosion at the outlet and remove any 
accumulated mulch or sediment. 

Miscellaneous upkeep 12 times/year 
Tasks include trash collection, plant health, spot 
weeding, and removing mulch from the overflow 
device. 

 

Total Nitrogen Load Impacts 

SUSTAIN was used to quantify potential water quality benefits achieved by implementing the 
bioretention BMP.  The simulations were run for a 17 year period from January 1, 1996 through 
December 31, 2013. Table A.5-4 and Figure A.5-3 highlight the total annual load reduction for total 
nitrogen (TN).  Time series data were available from the model.  Water quality benefits are realized 
through loss of pollutant mass via infiltration by increasing the residence time and through pollutant 
uptake from the vegetation within the BMP. 

Table A.5-4. SUSTAIN Model Load Reductions for Site P1-1031 

Constituent 
Average Annual Loads 

 Average Annual 
Reduction 

Pre-BMP Post-BMP  Reduction  Percent 

Volume (ft3) 767,269       532,367      234,902  31% 

Total Nitrogen (lbs) 112  44   68  61% 
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Figure A.5-3. SUSTAIN Model Load Reductions for Site P1-1031 

 

Cost Opinion 

The estimated costs of implementing bioretention at the Cape Coral Sports Center are presented in 
Table A.5-5.  These costs are presented for planning purposes only.  Actual costs will likely vary from 
those presented here.  The cost per pound removed of TN for this BMP is estimated to be about 
$1,666.00. 
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Table A.5-5. Cost Opinion 

Item No Description Quant. Unit 
Unit 
Cost 

Total 

  Preparation         

1 Temporary Construction Fence 475 LF $2.50  $1,187.50  

2 Silt Fence 475 LF $3.00  $1,425.00  

  Site Preparation         

3 Excavation and Removal 1250 CY $8.52  $10,650.00  

  Bioretention       $0.00  

4 4 inch Perforated Pipe 1350 LF $2.00  $2,700.00  

5 Gravel Subbase - 6 inches 8400 SF $0.55  $4,620.00  

6 Fine Grading 8400 SF $0.72  $6,048.00  

7 Soil Amendments 150 CY $13.00  $1,950.00  

  Landscaping         

8 Vegetation 6300 SF $4.00  $25,200.00  

Construction Subtotal $53,780.50  

9 Utility Adj (5% of subtotal)       $2,689.03  

10 Planning (10% of subtotal)       $5,378.05  

11 Design (30% of subtotal)       $16,134.15  

12 Mobilization (10% of subtotal)       $5,378.05  

13 Contingency (20% of subtotal)       $10,756.10  

Construction Total $94,115.88  

14 20-Year O&M 8400 SF $2.28  $19,152.00  

Total Cost $113,267.88  

 

Design Details and Drawings 

The conceptual plan and cross-section details are provided in Exhibit A.5. 
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6. P1-1008: Four Seasons Park - 

Bioretention Retrofit  

Project Location and Description 

The project is located in the City owned Four Seasons Park at Sunnybrook Avenue between Bimini Basin, 
Beach Court, and Tarpon Court.  There are several businesses and facilities along Sunnybrook Avenue 
and Beach Court including TIB Bank, Ice Sssscreamin!, SunTrust Bank, and residential housing.  Figure 
A.6-1 shows the project location and contributing drainage area. 

 

Figure A.6-1. Project Location for Site P1-1008 

 

This project proposes replacing the existing grass and landscaped vegetation that is over the existing 
stormwater pipe network within Four Freedoms Park with bioretention.  Stormwater runoff from both 
the park and surrounding areas contributing to the pipe network will be treated.  Bioretention cells are 
depressions filled with 1.5 to 3 feet of engineered soil media and planted with drought and flood 
tolerant plants.  The distance from the bottom of the practice to the top of the seasonal high water 
table should not be less than 0.5 feet.  Stormwater drains into the surface of the bioretention cell and, 
as the water infiltrates through the soil media, the soil and plants remove a portion of pollutants.  Once 
ǘƘŜ ǎǘƻǊƳǿŀǘŜǊ ƛƴŦƛƭǘǊŀǘŜǎ ǘƘǊƻǳƎƘ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ŎŜƭƭΩǎ ǎƻƛƭ ƳŜŘƛŀΣ ƛǘ ƛǎ ŘǊŀƛƴŜŘ ƛƴǘƻ ǘƘŜ ƴŀǘƛǾŜ ǎƻƛƭ ƻǊ ƻǳǘ 
of the device through an underdrain pipe.  Most bioretention cells are designed so that between a half 
foot and one foot of water can pond in the cell during a rain event.  A weir is included in the 






















































































































